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Abstract- Voxel-based morphometry (VBM) is an automated
method allowing identification of anatomical differences in the
whole brain without the pre-specification of a region of interests.
Spatial normalization is one of the major processes in VBM,
which transforms all images to a standard template. A variety of
templates were employed in VBM researches in the literature,
including the MNI template and study-specific templates. Few
studies were presented to test the effect of templates on the
detection accuracy of VBM, although it is claimed in many papers
that the study-specific template performs better. However, the
creation of the study-specific template differs on the subjects
included. In this paper, the gray matter (GM) difference of two
groups (female vs male) was analyzed to evaluate the effects of
templates on the VBM results. The Statistic Parametric Mapping
(SPM) package, as the standard software for VBM
implementation, was used for analyses.
I. INTROUCTION
The investigation of structural brain differences among
different populations is an important issue in neurological
research. However, the advent of magnetic resonance imaging
(MRI) has made it more feasible to access structural
characteristic of the brain. Most MRI morphometric studies
have been based on manual delineation of a region of interests
(ROI). It is a labour intensive procedure suffering from
difficulties related to defining reliable anatomical boundaries
and requiring substantial prior knowledge. In contrast,
voxel-based morphometry (VBM) is an automated method
allowing identification of differences in tissue concentration
without the necessity to define a prior region of interests. It
enables a structural analysis of the whole brain between subject
cohorts, with minimal operator dependence [1, 2, 3]. This
technique has been employed by many researchers to detect
pathological changes in gray matter (GM) and white matter
(WM) in various neurological conditions, such as
schizophrenia, Alzheimer’s disease and epilepsy [4, 5, 6].
The initial step of VBM involves spatially normalizing all
MR images to the same stereotactic space to co-register
homologous brain regions across subjects. The study brain
tissue is then extracted from the normalized brain and
smoothed to reduce the individual anatomical variability.
Finally, a statistical analysis of generalized linear model (GLM)
on a voxel-by-voxel basis is performed to localize the
structural differences between groups.
The statistical parametric mapping (SPM) technique is
initially designed to construct and assess the spatially extended
statistical processes used to test hypotheses about functional
imaging data. Ashburner et al [1] proposed an adaptation of
SPM for VBM analyses. Therefore, the SPM software package
(http://www.fil.ion.ucl.ac.uk/spm/) developed by the Wellcome
Department of Imaging Neuroscience, University college
London becomes the standard software for VBM.
The detection accuracy of VBM highly depends on the
results of spatial normalization. In SPM, normalization is
implemented by using a global linear and local nonlinear
registration method to conform all images to a standard
template. The ideal results are required to ensure that
homologous regions are compared across subjects, but on the
other hand they are not intended to be an exact match, where
all inter individual anatomical differences may be removed [7].
A popular template employed by many VBM researches was
created by 152 T1-weighted images from the Montreal
Neurological Institute (MNI), provided in SPM. However, the
usage of the MNI template may have problems due to the
contrast differences between MR images and the MNI template
and the demographic differences of the study population from
the population used to generate the existing template. It was
also proposed in the literature that each scanner introduces
specific non-uniformities in image intensity, which may cause
a potential bias from normalization [8]. Therefore, many other
researches have used study-specific templates for spatial
normalization, i.e. a template created especially for one study,
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differing from any existing templates [5, 6, 7].
Although the suggestion of using a study-specific template is
quite strong, a few comparisons using the MNI template and
the study-specific template for spatial normalization implied
that the choice of templates does not affect the final detection
of the anatomical differences [7, 9]. However, these studies do
not provide an exhaustive analysis of template effects.
Therefore, the first question this paper wants to answer is
whether the sensitivity of VBM is template dependant.
Assuming the template effect exists, the creation of a
study-specific template presents further questions. Generally,
the study-specific template is generated from the images
acquired from a group of healthy subjects in the same scanner.
However, the literature demonstrated four types of subject
selection: 1) all subjects of the healthy control group, which is
compared with the study group (such as patients) [10, 11]; 2) a
subset of the healthy control group [8]; 3) a subset of the
control group plus a subset of the study group [9] and 4) a
subset of the control group plus a subset of a different
population, where all images are obtained within the same
scanner [12]. A further option would be using images acquired
from a totally different population from the control [7].
In addition, Duchesne et al [13] introduced the idea that
normalizing the study group and the control group to their own
group specific templates, rather than normalizing both to the
identical template, would decrease the within group anatomical
variability and therefore increase the between group separation.
The question is then how the different groups or different
numbers of subjects, employed to create the templates, can
affect the VBM results.
In this paper, the template variations stated above are tested
on detecting GM concentration differences of a female and a
male group. Section II introduces the methodology and the
results are presented and discussed in Section III. Section IV
contains conclusions and addresses future work.
II. METHODS
A. Subjects
The study group consisted of 11 healthy female subjects
(mean age 27.9) and the control group was 17 healthy male
subjects (mean age 25.2). All subjects were confirmed as right
handed using Edinburgh Handedness Inventory. The study was
approved by the local Ethics Committee.
B. MRI Acquisition
High-resolution 3D brain MRI images were obtained on a 3
T Siemens Trio scanner (Erlangen, Germany) using a
T1-weighted magnetization prepared rapid acquisition gradient
echo (MPRAGE) pulse sequence. TR=1830ms, TE=4.43ms, 1
acquisition, flip angle=11°, FOV=256mm, 176 slices, voxel
size=1×1×1mm3, in-plane matrix=256×256.
C. Image Processing
The latest version of SPM (SPM2) was used for VBM
analyses running in MATLAB 6.5. The original MR images in
IMA format were converted to SPM adapted ANALYZE
format using the DICOM tool box of SPM. The origin of each
image was manually set to the anterior commissure (AC).
Intensity inhomogeneities were corrected using the Bias cor.
function of SPM.
The following templates were created using the
cg_create_template program developed by Gaser [14]:
1) T27: 27 subjects from the study group and the control
group (excluding one male subject with enlarged
ventricle).
2) TF11: 11 female subjects from the study group.
3) TM16: 16 male subjects from the control group
(excluding one male subject with enlarged ventricle).
4) TM8: 8 male subjects from the control group.
5) TF4-M4: 4 female subjects from the study group and 4
male subjects from the control group.
All templates were spatially smoothed with an 8mm full
width at half maximum (FWHM) isotropic Gaussian kernel.
Templates created from subjects, other than members of the
study and control groups, were not covered in this paper.
The spatial normalization was implemented in two steps.
The first step involved matching the images to the template by
estimating the optimum 12-parameter affine transformation.
The second step accounted for global nonlinear shape
differences, which are modelled by a linear combination of
7×8×7 smooth spatial basis function [1]. Seven comparisons
were derived from the different templates applied for
normalization. TABLE I lists the templates used in each study.
The non-brain regions were removed from the normalized
images using MRIcro (http://www.mricro.com), developed by
Rorden. Images were then segmented into GM, WM and
cerebral spinal fluid (CSF). SPM segmentation employed a
mixture model cluster analysis to identify voxel intensities
matching particular tissue types combined with a priori
knowledge of the spatial distribution of these tissues in normal
subjects, derived from probability maps. GM images were then
smoothed using a 12mm FWHM isotropic Gaussian kernel.
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TABLE I
TEMPLATES FOR COMPARED STUDIES
TemplateStudy
No. Study group Control group
1 MNI MNI
2 T27 T27
3 TF11 TF11
4 TM16 TM16
5 TM8 TM8
6 TF4-M4 TF4-M4
7 TF11 TM16
D. Statistical Analysis
Group comparisons were performed using the random
effects analysis in SPM. The statistical model included a
measure of the original volume of gray matter in each brain as
a confound (ANCOVA) to remove the global differences.
Significance levels were set at P<0.0005 uncorrected with an
extend threshold of 100 contiguous voxels.
III. RESULTS AND DISCUSSION
The increased gray matter concentration was detected in the
brains of female subjects compared with those of males. The
sagittal and coronal patterns of the compared studies were
shown in standard SPM glass brain projections (Fig.1). The
significance was also shown on the axial 3D brains in Fig.1.
Study 1 used the MNI template for normalization and the
other studies employed the study-specific templates. It is clear
that the latter displayed artefacts at the edge of the brain (Fig.1
(b)-(g)). One explanation for these artefacts may be that female
brains are usually smaller than male brains. This hypothesis
was further supported by the finding that the artefacts were
stronger when the templates were created from the female
brains. In addition, Study 1 found markedly greater GM in
females, in the bilateral parahippocampal gyrus and the left
superior temporal gyrus* (Region 1, Fig. 1), as compared to the
male group. In contrast, Study 2-7 only found a small GM
increase in the left parahippocampal gyrus. The increase of GM
concentration was further located in the bilateral inferior
frontal gryus* (Region 2, Fig. 1) in all studies. However, the
size of significant voxels varied substantially across studies.
TABLE II lists the details of these two significant regions from
all seven studies.
Fig. 2 plots the significant voxel numbers in each region. It
is clear that Study 1 showed the most significant results which
suggests that using the MNI template is either more sensitive to
* The anatomical region was localized using Talairach Daemon
(http://ric.uthscsa.edu/resources/talairachdaemon/), the MNI coordinates were
converted to the Talairach coordinates before use.
detect the structural differences or it has the higher possibility
of Type I errors (false positive).
Among studies using study-specific templates, Study 4 and 5
obtained the most significant results. This suggests that if study
specific templates are used, they are best created from the
control group. However, these results further indicate that
subject size affects the VBM sensitivity only marginally.
Study 2 and 6 used the templates created by both groups, but
different subject sizes. Their similar results confirm that no
significant effect was caused by the subject size creating the
(b)
(c)
(d)
(e)
(f)
(g)
(a)
Fig.1 Significant patterns of increased gray matter concentration in females
versus males. (a)-(g): Study 1-7 (Study numbers were defined in TABLE I).
Left column: sagittal view; centre column: coronal view; right column: axial
3D brain. Region 1: square/red, Region2: circle/yellow
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templates.
Study 3 employed the template created by the study group.
The sensitivity was one of the worst among all studies.
Surprisingly, group specific templates were applied in Study
7, the result was not promising.
IV. CONCLUSION
In this paper, the template effect on the VBM technique was
TABLE II
SIGNIFICANT REIGIONS IN COMPARED STUDIES
Region 1
Left hemisphere Right hemisphereStudy
No. MNI
Coordinate
T
Value
Number
of Voxels
MNI
Coordinate
T
Value
Number
of Voxels
1 -43 -27 -9 5.46 4168 21 -52 -11 4.46 761
2 -19 -49 -14 5.48 468 N/A 0
3 -18 -49 -15 5.21 417 N/A 0
4 -19 -49 -15 5.36 397 N/A 0
5 -19 -49 -15 5.40 535 21 -50 -12 4.23 941
6 -19 -48 -15 5.90 498 N/A 0
7 -19 -49 -15 5.04 288 N/A 0
Region 2
1 -47 0 21 8.37 2375 53 1 21 6.69 5616
2 -47 3 20 6.17 1077 44 7 23 6.52 1421
3 -48 3 19 4.87 346 47 9 23 5.01 477
4 -47 2 21 6.41 1302 43 5 23 6.22 1988
5 -48 2 21 6.48 1416 43 5 23 6.15 2263
6 -47 2 20 5.96 935 45 8 25 5.08 1386
7 -49 5 22 4.50 121 46 9 25 4.56 122
Fig. 2 Plots of significant regions in compared studies
(top)Region 1 (bottom) Region 2
tested on detecting the GM concentration difference between a
female group and a male group. The results indicated that
VBM is more sensitive when using the MNI template for
normalization than using the study-specific templates, but Type
I error may occur. It also demonstrated that the template should
be created using the control group only, not the study group.
The different numbers of subjects included in the templates
might not affect the results, as long as the subjects were in the
same group. No evidence showed that the group specific
templates for the study and control groups performed better
than an identical template for both groups.
Simulated lesion and bigger groups may be applied in our
future work for further demonstration.
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